Abstract. The increase number of mobile users in wireless environment affects query access time substantially. To minimise the query access time, one possible way is to employ data broadcasting strategy. In this paper, we propose cost models for both query access time over broadcast channel and on-demand channel. We examine the cost models to find optimum number of broadcast items in a channel while utilising query access time over on-demand channel as a threshold point. The optimum number indicates a point to split the broadcast cycle and allocate the data items in the new channel or else the on-demand channel outperforms the broadcast channel. The cost model involves several factors that dynamically change the optimum number of broadcast items like request arrival rate, service rate, size of data item, size of request, and bandwidth. Simulation model is developed to verify the performance of the cost model. This paper focuses on request that returns a single data item.
Introduction
The invention of wireless technology has created a new era of computing application. Nowadays, people are no longer attached to a stationary machine to do their work, with wireless application they are enabled to conduct their business anywhere and anytime using portable size wireless computer powered by battery. These portable computers communicate with central stationary server via wireless channel. This technology is known as mobile computing [2, 3, 6] . Mobile computing has its own database management system (DBMS) that provides the same function as in traditional databases, which is called mobile databases. Mobile databases face a number of limitations particularly power, storage and bandwidth capacity. In regard to power capacity, it has been investigated that the life expectancy of a battery is anticipated to increase only 20% for every 10 years [11] . Consequently, the need to use power efficiently and effectively is a crucial issue. In a mobile environment, most applications involve read operations rather than write operations [5] . This paper concerns with broadcast strategy to optimize the read operation or referred as query operations in mobile databases.
Broadcast strategy refers to periodically broadcast database items to clients through one or more broadcast channels. Mobile clients filter their desired data on the fly. This strategy is known as an effective way to disseminate database information to a large set of mobile clients. The query performance using this strategy is independent from the number and frequency of the query, or known as scalable paradigm. However, the challenge in broadcast strategy is to maintain the query performance of the client to obtain information from the channel.
It is the aim of this paper to optimize the query access time of accessing data from broadcast channel. The query access time over on-demand channel is used as a threshold point to determine the optimum number of database items to be broadcast in a channel. Once, the optimum number is located, the number of broadcast channel should be increased. Subsequently, the length of broadcast items is split, and broadcast over multiple channels. With this strategy, the access time of mobile users for accessing data items over broadcast channel is kept considerably low.
To achieve our objective, we propose cost models for both on-demand and broadcast channel. Subsequently, we use simulation model to verify the results of our cost models in finding the optimum number of broadcast items. In this paper, we focus on request that returns single data items.
The rests of the section in this paper are organised as follows. Section 2 describes the background of mobile databases, and section 3 contains the related work of the proposed technique. It is then followed by the description of the optimal broadcast channel, cost model for both broadcast and on-demand channel, and its application in section 4. Section 5 introduces parameters of concern of the optimal broadcast channel, which includes performance results of cost models and simulation models to determine optimal broadcast channel. Finally, section 6 concludes the paper.
Background
In general, each mobile user communicates with a Mobile Base Station (MBS) to carry out any activities such as transaction and information retrieval. MBS has a wireless interface to establish communication with mobile client and it serves a large number of mobile users in a specific region called cell. Mobile units or mobile clients in each cell can either connect to the network via wireless radio or wireless Local Area Network (LAN). Wireless radio bandwidth has asymmetric communication behavior in which the bandwidth for uplink communication is smaller than downlink communication [7] . Uplink bandwidth is applicable when mobile clients send a request or query to the server, while downlink bandwidth is from the server back to the clients.
With the increase number of mobile users in a cell, the required number of data items to be broadcast also increases accordingly. This situation may cause some mobile clients to wait for a substantial amount of time before receiving desired data item. Consequently, the advantages of broadcast strategy will be eliminated. On the other hand, when the channel contains too few data items, a high percentage of mobile clients waste the time by listening to the channel until they find out that the desired data is not broadcast. Alternatively, they send a request via point-to-point channel or on-demand channel to the server. The server processes the query and sends the result back to the client. The last scenario severely affects the power consumption of mobile clients, as it involves queuing in the server. Figure 1 illustrates the two mechanisms of mobile clients to obtain the desired data, first mechanism is via on-demand channel, and the other is via broadcast channel. It is sometimes called pull-based, and push-based approach respectively. In this paper, the term mobile client, mobile computer, mobile device, mobile user and client are used interchangeably and the server refers to MBS. 
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Related Work
Strategies to broadcast data through wireless channel have been introduced in the past few years [1, 8, 9, 12] . Broadcast strategy is known to be effective when involving a large number of users in the cell, which corresponds to a high frequency of requests.
[4] has introduced the hybrid and dynamic channel allocation method, which manipulates both the on-demand channels and broadcast channels. The hybrid allocation method provides a solution by determining the number of data to be served from on-demand channel and broadcast channel to enhance the query performance. Dynamic hybrid method is the improvement of the hybrid method, which changes the number of channel allocated for on-demand mode and broadcast mode dynamically by considering the load of the server and request access pattern. However, the access overhead of on-demand channels only considers the waiting time of connection to the server. Several factors that should be taken into account include transmission cost of the query from the mobile client to the server, processing cost in the server and the cost to send the query response back to the mobile client. The cost to transmit the query to server is even worse when the query requires related data items that belong to a number of entity types due to the uplink bandwidth limitation. Furthermore, the frequency or the rate of the query initiated affects the performance of the on-demand channel.
Our optimal broadcast channel tries to eliminate the consequence of having a massive set of data to be broadcast. The strategy is used to determine the optimum number of broadcast items in a channel so that the average access time is kept minimum [13] .
Optimal Broadcast Channel
Optimal broadcast channel is designed to find out optimum number of broadcast items in a broadcast channel. Having known the optimum number of broadcast items in a channel enables us to determine the optimum number of channel required to broadcast a certain number of data items. In this paper, the query performance is measured by the average access time of broadcast channel. Access time is defined as the amount of time or waiting time needed from the time a request is initiated until data item of interest is received. In general, the data items are broadcast over a single channel with underlying reason that it provides the same capacity (bit rate/bandwidth) as multiple channels, and it is used to avoid problems such data broadcast organization and allocation while having more than one channel [7] . Nevertheless, the use of single channel will show its limitation when there is a vast number of a data item to be broadcast.
The proposed strategy is used to split the length of the broadcast cycle when the number of broadcast items reaches an optimum point. Figure 2 illustrates a situation when the optimum number of items in a channel is known. 
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Fig. 2. Optimal Broadcast Channel
The allocation of broadcast cycle into an optimal number of broadcast channels will eliminate the chance of long delay before obtaining the desired data items. As mobile clients are able to listen to different channels simultaneously, they can determine which channel contains the required data items. Once it has been found, they may wait to retrieve the data items in the corresponding channel. Since the length of the broadcast cycle is optimal, the waiting time will be considerably short.
To find the optimum number of broadcast items, we develop cost models to calculate average access time of broadcast and on-demand channel. In this context, mobile client can only initiate a single request at a time, the next request has to wait until the first request has been completely responded.
Cost Model for Broadcast Channel
To calculate the average access time for retrieving data (T B ) using broadcast channel, we considers the following scenario: In figure 3 , the broadcast cycle is partitioned into three areas: area A contains data segments preceding data segments in area B, area B contains the number of desired data segments, and area C includes the rest of data segments. x t is the total number of broadcast data that makes up of A+B+C. There are three different scenarios when mobile client probe into one of these area.
Probe A: When mobile client probes into area A, the total access time is given:
Probe B: When mobile client probes into area B, then the total access time is equal to the total length of broadcast cycle (A+B+C):
Probe C: When mobile client probes into area C, the total access time can be calculated from: 
We need to calculate the average access time from equation (1), (2), and (3) as follows:
Equation (4) can be rewritten as:
s corresponds to the size of data item, we consider the size is uniform. The downlink bandwidth is denoted by b s .
Cost Model for On-Demand Channel
As mentioned earlier, mobile clients can send their request to be processed via pointto-point or on-demand channel. Thus, the average access time of on-demand channel (T D ) is made for comparison. It is used as a threshold point to determine the optimum number of database items to be broadcast in a channel. To calculate the average access time of on-demand channel, we classify the cost model into the following scenarios:
a. Pre-determined Number of Request
In this scenario, the total number of request has been known. The average access time can be calculated using the following cost model: 
The cost model to calculate the access time of on-demand channel in equation (6) is based on the architecture that is depicted in figure 1a . The access time of ondemand channel comprises of the time needed to transmit a request to the server, process the request that involves the time spent in the server queue and retrieve the relevant data, and send the result back to the client. The transmission of request to the server and send the requested data item back to mobile client are affected by uplink bandwidth, b r and downlink bandwidth, b s . Size of a request and the size of requested data item are indicated by r and s respectively, n denotes the total number of request, i reads the request number and the server service rate is given by µ. It is assumed the request size is uniform, and each request returns a same size of data item. However, in real situation the number of requests is hardly known. Thus, we consider arrival rate of request, which is described in the subsequent strategy.
b. Request Arrival Rate
We replace determined number of request with the arrival rate of request ( ). Furthermore, we specify the cost model based on the load of the server ( ). Thus, the average access time of on-demand channel (T D ) is now calculated using the following cost model:
If the server is at light load
Else if the server at heavy load
The average time in server queue and average processing time by the server are dynamically changed depending on the arrival rate of request ( ) and service rate (µ). The maximum number of request in the server queue is defined by qmax. 
Performance Evaluation
In this section, we introduce two cases, and employ the cost model to determine the optimum number of broadcast data items. We also develop some simulation models to compare with our analytical results. The simulation is carried out using a simulation package Planimate, animated planning platforms [10] . The simulation environment is set to apply random delays for both arrival rate and service rate with given average value. We run the simulation process for three times, and derive the average result accordingly.
Case 1: To find the optimum number of broadcast items based on set of parameters in table 1.
As shown in figure 4 , we try to find the cross line of on-demand channel and broadcast channel. The average access time of on-demand channel is the threshold point, which appears in a straight line since the number of broadcast items does not affect its value. Our analytical results stay closely with the simulation results. The intersection point indicates the optimum number of broadcast items.
Case 2: Introducing a new parameter, arrival rate of request ( ). Given the set of parameters in case 1, we specify one request arrival rate per second, = 1, to obtain server utilization 1 ≤ ρ , and three request per second, = 3, to get 1 > ρ . As shown in figure 5 (a) , the on-demand channel performs well when the traffic request is low. The broadcast channel seems to have to allocate its data items in every 5-10 data items to a new channel to keep up with the performance of on-demand channel. However, this is not a good way since the number of channels may be excessive and may cause some overhead by listening to too many channels. Thus, ondemand channel in this case is a better way. Figure 5(b) illustrates the optimum number of broadcast items when the on-demand channel is at heavy load.
From table 3, we can see the optimum number of broadcast items derived from our analytical and simulation results on the two cases. Our analytical calculation performs very well as compared to the simulation, especially for case 1, and case 2 (server utilization > 1) with 9% and 4% error rate respectively. As for case 2 (server utilization < 1), we presume that since the value is too small, the random delays in simulation parameters cause a greater affect towards optimal number of broadcast items. In general our analytical calculation presents a less value than the simulation. Our cost models to find an optimum number of broadcast items are considered close to accurate. Subsequently, having known the optimum number of items in a broadcast channel, we can decide how many channels are required to broadcast a certain amount of data items. Thus, the average access time of broadcast channel is kept minimum.
Conclusions and Future Work
Data dissemination or known as data broadcasting strategy is an effective way to keep up with number of clients in a cell and their frequency of requests. Mobile clients are enabled to retrieve the required data with considerably low access time. To maintain the performance of broadcast strategy, we introduce a technique to find the optimal broadcast channel by determining the optimum number of database items to be broadcast in a channel. The optimum number is used as an indication of when the broadcast cycle needs to be split into different channel, forming multiple channels.
We develop cost models to find the average access time of on-demand channel and broadcast channel. The cost models are applied with focusing on request that returns a single data item. To locate the optimum value of broadcast items, we compare the access time of broadcast channel and on-demand channel. The access time of broadcast channel is calculated based on certain factors, particularly number of database items to be broadcast, size of data item, and downlink bandwidth. As for on-demand channel, it takes into account the server service rate, request arrival rate, number of requests, size of request, uplink and downlink bandwidth. The optimum number of broadcast items is changed dynamically depending on the value of these factors. We also conduct a simulation to see the performance of our cost model in determining the optimum broadcast items. The simulation results show our cost models are considerably close to accurate.
For future work, we will consider multi data items retrieval in a single request, which includes a non-uniform size of request and data items. We will also measure the tuning time or the amount of time a client must listen to the channel, which is used to indicate its energy consumption.
